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THE ORIGIN OF SPECTRA 


By A. FowLEer* 


Spectra are of two kinds, band spectra and line spectra. Band 
spectra are very complex and originate in molecules. Line spectra 
are of varying degrees of complexity and have their origin in 
atoms. All compounds which can be excited to luminosity 
without decomposition give rise to band spectra, but the applica- 
tion of sufficient energy results in the appearance of the spectra 
of the component elements. Similarly, an element which gives 
a band spectrum in its molecular form will yield a line spectrum 
when the energy which excites it to luminosity is capable of 
dissociating the molecules into their constituent atoms. For 
example, the band spectrum of oxygen or nitrogen may be 
produced by the passage through the gas of uncondensed dis- 
charges from an induction coil, and the line spectrum by the 
passage of the more intense condensed discharges. 

Some of the earlier workers in spectroscopy were urged on 
by the idea that a spectrum must provide a clue to the structure 
of the atoms or molecules which produce it, and probably also 
to the mechanism of radiation. The majority of spectra, how- 
ever, are exceedingly complex, and it was evident that the first 
step towards the elucidation of these problems was to discover 
the laws governing the distribution of the lines or bands, so 

*From Handbook to the Exhibition of Pure Science at the British Empire 
Exhibition, 1924. 
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that the essential features of a spectrum might be expressed in a 
simplified form. Theories of the origin of spectra, and of the 
constitution of atoms, are thus largely based upon investigations 
of regularities in the arrangement of spectral lines and bands. 

In the discussion of such regularities, the position of a line is 
most usefully indicated by its ‘‘wave-number,’’ or number of 
waves per centimetre. Thus, if \ be the wave-length in vacuo, 
expressed in Angstrém units (1 Angstrém unit =107° cm.), the 
wave-number, denoted by », is given by 10°/A. These wave- 
numbers are strictly proportional to the oscillation frequencies. 


LINE SPECTRUM OF HYDROGEN 


The simplest of all line spectra is that of hydrogen. In the 
most familiar part of this spectrum, beginning with a line in the 
red, the lines follow each other with gradually diminishing 
intensities and at gradually diminishing distances from each 
other, so that they approach a definite limit in the near ultra- 
violet. Lines arranged in this manner constitute a “series,” 
and it was discovered by Balmer in 1885 that the lines of the 
hydrogen series could be included in the simple formula 

\= 3646.14 m?*/(m?—4), 
where m takes successive integer values ranging from 3 to infinity. 
In terms of wave-numbers, the formula becomes 
v = 27419.6 — 109678.3/m?. 

There is another series of hydrogen lines in the extreme 
ultra-violet, called the Lyman series from the name of its dis- 
coverer, and others in the infra-red, each of which is generally - 
similar in structure to the Balmer series. The entire spectrum 
is accurately represented by the simple formula— 


ron (4 +) 


where m>m, and N=109678.3. This number was found by 
Rydberg to appear in the formulae for other spectra, and is 
called the Rydberg constant. In the formula for hydrogen, the 
Lyman series is given by putting m=1, m=2, 3, 4 .; the 


Balmer series when m,=2, m=3, 4,5 . . .; and similarly for 
the other series in the infra-red. 
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SERIES IN LINE SPECTRA 


Series which are of generally similar character to those of 
hydrogen were found by Rydberg, and by Kayser and Runge, to 
occur in the spectra of other elements. In the general case, 
several associated and overlapping series occur in the same 
spectrum, and are distinguished by the names principal, sharp, 
diffuse, fundamental, and super-fundamental series. Each of 
such series may be represented approximately by Rydberg’s 
formula 


(m+)? (m+)? 


where m, and m are integers, and yw, uw are constants special to 
each series. More exact representations of the series are given 
by including correcting terms in the denominators. 

The formula representing a series thus consists of two parts, 
the first of which indicates the end, or “‘limit’’ of the series, while 
the second is a variable part dependent upon a sequence of 
integers. The position of an actual spectral line consequently 
appears as the difference of two terms, one of which is the limit 
of the series to which it belongs. The word ‘‘term”’ has thus 
come to have a special meaning in spectroscopy; it signifies a 
wave-number which does not represent a spectral line in itself, 
but only when combined with another wave-number. The 
limit of a series is a term of one of the other series. The ‘‘com- 
bination principle’ of Ritz expresses the fact that, with certain 
restrictions, terms from any one series may be combined with 
terms from other series to produce spectral lines. 

Series, and their constituent terms, are now usually repre- 
sented by abbreviated notations, of which the following are 
typical :— 


Fundamental series................ 2d — mf 


In each case the term on the left represents the limit of the 
series, and that on the right the sequence of variable parts 
corresponding to successive values of m. It should be further 
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observed that series may consist of singlets, doublets, or triplets. 
In a doublet system the p term has two values, and the d and f 
terms may also have two values. In a triplet system, the p, d 
and f terms have three values, and a singlet system is also 
associated with the triplets. 

Elements of Group I in the Periodic Table of Elements, 
including the alkali metals, give doublet series, those of Group II 
triplets, and those of Group III doublets. Among the elements 
of Group IV, silicon at least includes triplets, and there is thus 
an alternation of doublets and triplets in harmony with odd and 
even valencies. Recent investigations have shown still greater 
complexities in the terms relating to the later groups of elements, 
but even and odd multiplicities have been found to alternate 
throughout all the successive groups of the Periodic Table. 


ORIGIN OF SPECTRA AND THE QUANTUM THEORY 


In view of the results of the analysis of spectra, it is clear that a 
successful theory must first account for the terms which give rise to 
the spectral lines by their combination. The terms have, in fact, 
a more immediate physical significance than the lines themselves. 
In the now well-known theory of Bohr, following Rutherford’s con- 
ception of atomic structure, an atom is supposed to consist of a 
heavy positively charged nucleus, with a number of electrons 
circulating round it. In the normal state the atom is neutral, and 
the number of external electrons is equal to the number of units of 
positive charge of the nucleus. When the atom is unexcited, the 
electrons may be regarded as traversing orbits more or less similar 
to those of planets or comets travelling around the sun, and obeying 
similar laws, with the difference that in the case of atoms the 
controlling forces are electrical. 

The nature of the theory may be best indicated by reference to 
hydrogen, which has the simplest possible structure, each atom 
consisting of a positive nucleus of unit mass and unit positive 
charge, and a single electron. When the atom is disturbed, the 
electron may temporarily traverse a larger orbit, but it is not free 
to occupy any orbit whatsoever, but only those in which the energy 
has definite values determined by the Quantum Theory. When the 
electron traverses one of these orbits, there is no radiation, and the 
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atom is said to be in a “stationary” or non-radiating state. A 
spectrum line is produced when the electron returns to a smaller 
permissible orbit. Only one line is produced in a single transition, 
and the actual spectrum of many lines represents the integrated 
effect of a large number of transitions between the different per- 
missible stationary states. The energy radiated during a transition 
is always a single quantum e=hyv, where h is Planck’s quantum of 
action and » is the frequency of the radiation. The frequency of 
the emission, and therefore the position of the corresponding 
spectral lines, is thus dependent upon the difference of energies 
of the initial and final orbits. Exactly what happens during a 
transition is not yet understood. The “terms’’ of the spectra 
which have already been considered are accordingly proportional 
to the energies in the corresponding stationary states. 

On this theory, Bohr has obtained a formula for the hydrogen 
spectrum which is identical with that derived from observations, 
within the limits of accuracy with which the quantum of action and 
the charge of the electron have been determined. The theory has 
also been extended, with remarkable success, to the explanation of 
the complex structure of the.spectral lines, and of the effects of 
external magnetic fields. 

Atoms of elements other than hydrogen are more complex in 
structure. A helium atoms has a nucleus of mass 4 and positive 
charge 2 units, and two external electrons. The atom of lithium 
has three external electrons, and a nucleus with a treble positive 
charge, and so on throughout the table of the elements, the nuclear 
charge being equal to the ‘“‘atomic number”’ of the element. The 
spectra, however, do not necessarily increase in complexity with 
increase of atomic number. In each case, the spectrum is con- 
sidered to be produced by a single one of the external electrons, 
interacting with the rest of the atom, which, in the main, will have 
a single positive charge. Apart from a small effect due to the mass 
of the nucleus, the series constant for all elements is, accordingly, 
the same as that for hydrogen. Owing, however, to the presence 
of one or more electrons in the atomic residue, the possible station- 
ary states are more numerous than in the case of hydrogen, so that 
several series occur in the same spectrum. The theory, however, 
is not sufficiently developed to permit the actual calculation of 
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the positions of spectral lines other than those arising from a 
nucleus and a single external electron. 


ARC AND SPARK SPECTRA 


Spectra produced in the electric arc and the electric spark, 
though mostly showing some lines in common, usually exhibit 
important differences. Lines which are intensified, or only appear, 
in the spark are called ‘‘enhanced lines.’’ Similar differences also 
occur in the spectra of gases as the energy which excites them to 
luminosity is increased. 

The distinction between arc and spark spectra has become more 
definite in the light of Bohr’s theory. Lines which occur in the arc, 
excluding those which are stronger in the spark, form series which 
are characterized by the Rydberg constant JN, as already explained, 
and are attributed to neutral atoms. Enhanced lines, on the other 
hand, form series which involve the constant 4N, and are attributed 
to ionized atoms; that is, to atoms which have lost an electron. 
The simplest example is afforded by ionized helium. When a helium 
atom has lost an electron, it resembles the hydrogen atom, except 
that the nucleus has a greater mass and has a double positive charge. 
The spectrum is correspondingly similar to, but not identical with, 
that of hydrogen; it may be represented by the simple formula 


y=4N’ (4. +) 
m2 


where N’ is slightly larger than N on account of the greater mass of 
the nucleus as compared with that of the hydrogen atom. This 
theoretical prediction agrees completely with the actual observa- 
tions of the spectrum; the important line of ionized helium at 
44,686, for example, is the first member of the series given by putting 
m,=3. 

The spark spectra of elements other than helium show series 
which differ from those of arc spectra only in having a four-fold 
value of the series constant; they are also explained in a general 
way by an extension of the theory similar to that made in the case of 
arc spectra. It should be noted that in accordance with the so- 
called “displacement law,”’ the spark spectrum of an element is of 
the same type as the arc spectrum of the element which precedes 
it in atomic number. 
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SPECTRA OF HIGHLY IONIZED ATOMS 


Bohr’s theory further indicates that atoms which have lost 
two electrons, or are doubly-ionized, may be expected to yield series 
which are characterized by the series constant 9N. Trebly-ionized 
atoms would give series for which the constant would be 16N, and 
so on. Series with 9N for the constant have, in fact, been estab- 
lished for aluminium by Paschen, whilst both 9N and 16N series 
have been traced by Fowler in silicon by the action of strong dis- 
charges through silicon fluoride. The chief lines of highly-ionized 
atoms are of necessity in the extreme ultra-violet and can only be 
observed by the use of the vacuum spectrograph. The lines which 
appear within the ordinary range of observation belong to secondary 
series, but are, nevertheless, sometimes well developed. 

Important contributions to the theory of spectra have also been 
made by investigations of resonance and ionization potentials. In 
these experiments a gas or vapour is bombarded by electrons, the 
speed of which can be regulated by an adjustable electric field. 
Energy from an impacting electron is thus transferred to the atom, 
and is subsequently radiated on the return of the atom to its normal 
state. The energy required to develop certain spectral lines, or 
the complete spectrum, has thus been directly measured and has 
been found to be in agreement with that deduced from Bohr’s 
theory. 

The observational evidence is thus entirely consistent with 
Bohr’s theory, and continued researches on spectra in the directions 
outlined may be expected to aid in the development of the theory, 
and in the deduction of the normal structure of the atoms of 
additional elements. 


BAND SPECTRA 


The appearance of a band series is in several respects very 
different from that of a line series. The constituent lines are 
usually much more numerous and much closer together; further, 
although there is a certain resemblance to line series in the crowding 
together of the lines towards a “‘limit,”’ series lines invariably fade 
out before the limit is reached, whilst band lines often reach the 
limit, and may even have their maximum of intensity in its neigh- 
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bourhood, so that the resulting ‘“‘heads’’ are frequently very 
conspicuous features of the spectrum. Again, the law according 
to which the lines are arranged is quite different from that of the 
line series, being of the form »=A+Bm-+Cm?*, where A, B and C 
are constants and m is the number of the line in the series reckoned 
from any convenient starting point. The arrangement of the 
heads relative to one another may also be expressed by a formula 
of this type, which is the analytical representation of a parabola. 

Experimental evidence has persistently related band spectra to 
molecules, but only in recent years has any detailed theoretical 
explanation been achieved. The quantum principles which have 
proved so strikingly successful in the elucidation of the problems of 
atomic radiation are no less applicable to molecules. But the case is 
considerably more complex, for in addition to the movements of the 
electrons within the molecule, we have to take into account the 
vibrations of the atomic nuclei and the rotation of the molecule as a 
whole. The total energy (W,) associated with all these motions is 
characteristic of the particular state of the molecule at the moment, 
and if a change occurs in one or more of them, the total energy will 
assume a new value (W2). Then, exactly as for line spectra, we 
find that the frequency emitted (considering the case of a decrease 
of energy, 7.e., of radiation) is given by 


Wi We 
h 


v= 


It is the greater variety of possible states of a molecule as compared 
with an atom which gives rise to the greater complexity of a band 
spectrum as compared with a line spectrum. 

The present position is that while the Quantum Theory has 
succeeded in accounting for all the main features of band structure, 
as, for example, the parabolic law mentioned above, there are many 
details as yet unexplained. Even the simplest bands hitherto 
studied, those due to helium, present problems of this kind, and 
in the case of the more massive and complex molecules, many 
difficulties present themselves. But it seems probable that these 
very discrepancies will in the light of further study provide the 
material for valuable extensions of our theoretical knowledge. 


THE ACCURACY OF THE THEODOLITE-COMPASS 
By W. H. HERBERT 


In order to award a proper value to modern magnetic surveys 
it is essential to know the accuracy of measurement of the 
instruments employed, and especially how it is affected by pro- 
longed field measurements. 

This article briefly describes the essential characteristics of 
the instruments employed on the widespread magnetic declina- 
tion survey of the Topographical Survey of Canada, and gives 
a condensed summary of a very extensive analysis of the accuracy 
attained. 

The instruments are high-class five-inch land-survey theo- 
dolites equipped with a sensitive Cooke telescopic eye-piece 
compass or a sensitive Bausch and Lomb trough compass. 
The long thin needle has its centre of gravity considerably below 
the point of suspension for stability, and carries a jewelled bearing 
which is supported upon a glass-hard steel pivot when reading. 

The compass when in use is attached to the theodolite 
standard by two milled-head screws passing through and tightly 
clamping the smooth bosses of the compass to the corresponding 
smooth bosses of the theodolite standard, and thus is always 
rigidly mounted in exactly the same position when readings are 
required, and easily dismounted afterwards and stored in the 
instrument box for safety. These two types of theodolite- 
compass are shown in the accompanying illustrations where the 
arrows indicate the compasses. 

A declination determination comprises ten settings of the 
compass needle on zero and ten corresponding readings on the 
theodolite horizontal circle, graduated in thirty-minute intervals 
and read to single minutes by verniers and reading microscopes. 

If the instrument were constructed theoretically perfect the 
needle would be opposite its zero mark when the theodolite 
telescope points to magnetic north, but this seldom happens. 
The deviation of the needle from the zero mark is called the 
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‘index correction’’. It is the angle between the line of collima- 
tion of the theodolite telescope and the axis of the needle. 

The index correction of each theodolite-compass when in use 
is regularly determined both before and after every season’s 
work at the Agincourt Magnetic Observatory through the 
courtesy of Sir Frederic Stupart, Director of the Meteorological 
Service of Canada. 

However, the two values for an instrument are very seldom 
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the same and therefore the mean index correction, which is the 
most probable value, is applied to the whole season’s measure- 
ments with that instrument. This discrepancy is caused by 
small unnoticed changes in compass and theodolite due to pro- 
longed field measurements, and it must therefore be treated 
in the nature of an adventitious variation in the mean index 
correction. 

The probable error of a declination determination is, there- 
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fore, composed of the probable error of observing combined with 
the probable error of the mean index correction. 


It is not possible to determine the probable error of observing 
by repeated readings of declination, because the declination is 
subject to unceasing erratic variations, but the index correction 
of a theodolite-compass is determined by simultaneous readings 
of the instrument and of the Standard Unifilar Magnetometer, 
and the probable error of observing may be determined by 
noting how closely the instrument follows the standard. 


The large amount of data, therefore, obtained from 493 index 
correction determinations, and 345 mean index correction 
determinations made on 100 different theodolite-compasses 
between 1908 and 1923 during the years when used, has been 
employed in making a very extensive analysis of the probable 
errors of observing, the probable errors of mean index corrections, 
and the probable errors of declination determinations, without 
incurring any expense for special observations. 


A condensed summary of the results obtained is given in the 
following tables: 


PROBABLE ERRORS OF 100 THEODOLITE-COMPASSES 


Number of Probable Errors of 
Value of Probable 
Errors in Minutes of Mean Index Declination 
Arc Observing Corrections Determinations 

0.00 to +0.09 405 132 78 
+0.10 to +0.19 67 68 106 
+0.20 to +0.29 18 49 53 
+0.30 to +0.39 3 33 39 
+0.40 to +0.49 e 29 31 
+0.50 to +0.59 “ce 9 13 
+0.60 to +0.69 9 9 
+0.70 to 0.79 9 9 
+0.80 to +0.89 6 6 
+0.90 to +0.99 1 1 
Total 493 345 345 
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MEAN AND MAXIMUM PROBABLE ERRORS 


Probable Errors of | Mean | Maximum 
+0.057 minute +0.35 minute 

Mean Index Corrections........... +0.212 “ +0.94 “ 

Declination Determinations....... . +0.247 “ +095 “ 


The magnetic survey of the Topographical Survey of Canada, 
commenced in 1880, now amounts to nearly 20,000 observations. 
It is made at practically no cost in conjunction with its land 
surveys, as the necessary precise astronomical bearings are 
available from the land surveys, and the magnetic measurements, 
which occupy but a few minutes, are made whenever an opportunity 
occurs during the regular work. The above condensed summary 
of a very extensive analysis of the accuracy of the theodolite- 
compasses used shows very clearly that owing to the selection 
of very fine theodolites and compasses and to proper care exer- 
cised in their use and in keeping them in good repair and working 
order, the mean probable error of the magnetic survey on the 
whole is only +0.247 minute; and although this may vary 
somewhat among different instruments and in different years, 
yet the maximum probable error of any part of the work never 
reaches +1.0 minute. 


Topographical Survey of Canada, 
Department of the Interior, 
Ottawa, September, 1924. 
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THE GROWTH OF LEGEND ABOUT SIR ISAAC NEWTON 
By Fiorian Cajort in “Science.” 


(1) The usual explanation of Newton’s delay of about twenty 
years in announcing the law of gravitation involves what appears 
to be one of the earliest legendary statements concerning Newton. 
In a publication issued the year after Newton’s death, H. Pem- 
berton’ states that when Newton in 1666 first tested the gravitational 
hypothesis by applying it to the earth’s attraction for the moon, he 
used too small a value for a degree of latitude on the surface of 
the earth (60 English miles instead of the more accurate value of 
6914 miles obtained later by J. Picard) and found that “his com- 
putation did not answer expectation. On this eaentent he laid aside 
for that time any further thoughts upongpis matter.” W. Whiston? 
refers to Pemberton’s account and adds that Newton was “in some 
degree disappointed, . . . however, some time afterward,” using 
691% such miles, he verified the law of gravitation. These accounts 
of the computation of 1665 or 1666 are in direct conflict with New- 
ton’s own statement* found by the astronomer Adams in the Ports- 
mouth Collection of Newtonian manuscripts: “And the same year 
(1665) I began to think of gravity extending to y® orb of the 
Moon and . . . I compared the force requisite to keep the Moon 
in her Orb with the force of gravity at the surface of the earth, and 
found them answer pretty nearly.” Newton does not state what 
value he took for a degree of latitude, but fairly accurate values 
were known at that time. Measurements of the earth had been 
made by Eratosthenes* and Posidonius® in the third century B.C., 


1H. Pemberton, “View of Sir Isaac Newton’s Philosophy,” London, 1728, 
Preface; W. W. R. Ball, Essay on Newton’s “Principia,” London, 1893, p. 
10; Sir David Brewster, “Memoirs of .. . Sir Isaac Newton,” 2 Ed., Edin- 
burgh, 1860, Chap. II, p. 23. 

2Memoirs of the Life of Mr. William Whiston by himself, London, 
1749, I, p. 35. 

3'W. W. R. Ball, op. cit., p. 7. 

*Sir Th. Heath, “History of Greek Mathematics,” Vol. 2, Oxford, 1921, 
p. 107; Encyklopadie d. Math. Wissensch., Vol. VI, 1, 1907, p. 223. 

5 Sir Th. Heath, op. cit., p. 220; Encyklopadie, Vol. VI, 1, 1907, p. 223. 
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by the astronomers of Caliph Al-Mamun* in the ninth century A.D., 
by J. Fernel in 1528, W. Snell in 1617, R. Norwood in 1635. Most 
of these early measurements were in excess of the modern values, 
some by as much as 13% per cent. On the other hand, it is true 
that English seamen used 60 miles to the degree; this was thought 
sufficiently accurate for their purposes. It was very convenient in 
computation, for 60 miles per degree of latitude meant one mile 
per minute. Thus R. Norwood’ used 60 miles in his “Trigonom- 
etrie” of 1631, and again in the edition of 1678, notwithstanding 
the fact that he himself in 1635 had found the degree to exceed 
69 miles. Moreover, Edmund Gunter and William Oughtred® call 
special attention to the inaccuracy of 60 miles. Gunter® says in 
1624, “I find that we may allow 352000 feet (662/3 miles) to the 
degree.” Oughtred’® (we suspect from what he says, that he him- 
self had made crude earth-measurements ), in 1633, took 66% miles. 
These figures are somewhat below those of Snell and Fernel, but 
would have yielded fairly accurate results in Newton’s computation. 
In the edition of 1657 of Edward Wright’s “Certaine Errors in 
Navigation,” 60 miles are given for 1° of latitude in the body of 
the book, but in an appendix are given about 661/3 miles." It 
appears that none of the measurements, either ancient or modern 
(except one of the two estimates made by Posidonius) fell as low 
as 66 English miles to the degree of latitude. Moreover, Richard 
Norwood published the results of his measurements (69.5 miles 
per degree) in his “Seaman’s Practice,” in 1636, a book whose 
popularity is attested by the fact that it reached its seventh edition 
in 1667. It should be noted that Norwood, Wright, Gunter and 
Oughtred were among the most prominent mathematicians of the 
first half of the seventeenth century in England. 


6 Encyklopadie, Vol. VI, 1, 1907, p. 224. 

7 Richard Norwood, “Trigonometrie,” 1631, p. 102; edition of 1678, p. 
147, 

8 Newton as a boy studied one of Oughtred’s books and later com- 
mented favorably on Oughtred’s plans for the education of navigators. 

®“Works of Edmund Gunter,” 5 Ed., London, 1673, p. 280, 281. 

10 W. Oughtred, “The Circles of Proportion,” trans. into English by W. 
Forster, “Addition,” London, 1633, p. 21, 27. 

11 W. W. R. Ball, op. cit., p. 15, 16. 
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To claim that Newton took 60 miles in a computation requiring 
great accuracy is like saying that he would take the value 3, instead 
of 3.14159, for ,, when endeavoring to reach very close approximia- 
tions to circular areas. 


But this is not all. Suppose for the sake of argument, Newton 
had actually used 60 miles in 1665, he knew in 1672 (as we shall 
see) that this value was too small. Yet not till about thirteen years 
after 1672 did he announce his law of gravitation. Why should he 
have waited that long, if the size of the earth had been the real 
cause of his difficulties in verifying the law of gravity? We know 
from at least one source that in 1672 Newton had a knowledge of 
the best earth-measurements. On January 11 and February 1, 1672, 
Picard’s value’? (6914 miles to the degree) was mentioned at meet- 
ings of the Royal Society. Newton was not present at the first 
meeting and perhaps not at the second.’* However, an account of 
Picard’s measurements appeared in the Philosophical Transactions 
for 1675, Vol. 10, p. 261. Again, in 1672, there appeared at Cam- 
bridge Newton’s own edition of Varenius’s “Geographia,” which 
devoted a whole chapter to methods of finding the size of the earth 
and contained the results reached by Eratosthenes, Posidonius, the 
Arabic astronomers and Snell. 


In 1888 the astronomer J. C. Adams and the mathematician J. 
W. L. Glaisher came to the conclusion from the study of the Ports- 
mouth Collection of Newton’s manuscripts and of his correspon- 
dence, that Newton’s real difficulty in verifying the law of inverse 
squares had been not the size of the earth, but the question how a 
sphere attracts an outside particle."* Does the sphere attract as if 
all its mass were concentrated at its center, or in some other way? 
In a letter of June 20, 1686, to Halley, Newton said that the pre- 
vious year (1685) he had been able to clear up this matter. His 
conclusion is found in his “Principia,” Bk. I, Prop. 91. 


The investigations of Adams and Glaisher have not received due 


12S. P. Rigaud, “Historical Essay on... Sir Isaac Newton’s Prin- 
cipia,” Oxford, 1838, p. 9. 


13S. P. Rigaud, op. cit., 1838, p. 7. 
14 Cambridge Chronicle, April 20, 1888; W. W. R. Ball, op. cit., p. 16, 17. 
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attention and the legendary account of Pemberton and Whiston is 
still widely accepted. 

(2) Alleged delay in publication of the “Principia”: A legend 
of recent origin is that Halley and Wren held up the publication 
of Newton’s “Principia” three years, because Newton would not 
give credit to Robert Hooke for his prior discovery of the law of 
universal gravitation. No authority is given for this statement. 
It is true that when the manuscript of the first book of the “Prin- 
cipia’”’ was presented to the Royal Society, Hooke entered a claim 
of priority. It is true that there was a correspondence relating to 
Hooke’s claim, and that Newton finally made an acknowledgment. 
But that it took three years of effort on the part of Halley and Wren 
to bring this about is wholly untrue. Halley’s troubles were differ- 
ent in character. Fearing further controversies, Newton wrote him 
once, “The third (book) I now design to suppress.”*® Halley needed 
all the ingenuity at his command to prevent Newton from withdraw- 
ing the third book from publication. The manuscript of the first 
book of the “Principia” was presented to the Royal Society, April 
28, 1686, the last part reached Halley in April, 1687; the “Principia” 
appeared from the press that same year.’® Instead of a delay of 
three years, there was a speed of publication quite exceeding that 
of recent years. 

(3) Was Newton an inventor of the reflecting telescope? A 
noted American critic of mathematical books has asserted recently 
that Newton did not invent the reflecting telescope but simply con- 
structed such telescopes. As authority for this claim the critic 
refers to the article “Telescope” in the Encyclopedia Britannica, 
where emphasis is placed upon the fact that, unlike James Gregory 
and other theoretical inventors of the reflecting telescope, Newton 
actually constructed such an instrument. A full and explicit state- 
ment is made in the article “Newton,” where Newton is credited 
with the invention. One finds important features of design in New- 
ton’s instrument which are contained in none of the previous theo- 
retical designs. Students of history know, of course, that most 
great inventions and discoveries have been reached by more than 


15 Weld’s “History of the Royal Society,” Vol. I, p. 311. 
16S. P. Rigaud, op. cit., p. 31, 84. 
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one investigator. A description of Newton’s instrument was read 
before the Royal Society, and it was ordered that a letter should 
be written by the secretary assuring Newton “that the society would 
take care that all right should be done him with respect to this in- 
vention.” The telescope which he presented to the society is care- 
fully preserved and carries the inscription, “The first reflecting 
telescope invented by Sir Isaac Newton, and made with his own 
hands.”** Newton acknowledged that he had been acquainted with 
the telescope proposed by Gregory, before he contrived his own; 
nevertheless certainly no one has greater claim to being called an 
inventor of a reflecting telescope than Newton. 


(4) Action at a distance: In the preface to the second edition 
of the “Principia,” 1713, the editor, Roger Cotes, advances the 
doctrine of “action at a distance.” Through lack of discrimination, 
Cotes’s doctrine came to be ascribed to Newton himself, even though 
Newton nowhere expresses his adherence to this doctrine. On the 
contrary, in a letter to Bentley, February 25, 1692, Newton says :'* 
“That gravity should be innate, inherent and essential to matter, so 
that one body may act upon another at a distance through a vacuum, 
without the mediation of anything else . . . is to me so great an 
absurdity, that 1 believe no man, who has in philosophical matters 
a competent faculty of thinking, can ever fall into.” In his 
“Opticks” (Queries, 18, 22) Newton postulated the existence of an 
ether. In this century a new meaning is attached to the phrase 
“action at a distance.” Instead of being used in the old sense with 
reference to the non-existence of a medium intervening between 
attracting masses, it is now used to indicate an instantaneous action 
at a distance. In place of an agent we now consider the time of 
action. But even now the view of Newton is misrepresented. 
Albert Einstein’® speaks of “Newtonian action at a distance” as 
“immediate action.” Newton, on the other hand, postulates an agent 


17 Sir David Brewster, op. cit., Vol. I, 1860, p. 40-46. 

18“Correspondence of R. Bentley,” Vol. I, p. 70; Kelvin in Proceed. of 
Royal Society of London, Vol. 54, 1893, p. 381. See also S. P. Rigaud, op cit., 
Appendix, p. 62, 69. 

19 A. Einstein, “Sidelights on Relativity,” trans. by G. B. Jeffery and 
W. Perrett, London, 1922, p. 4, 5, 17, 18. 
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and gives it time to act. To be sure, in his calculations of gravita- 
tional attractions, he assumes, as a necessary approximation, that 
the action is instantaneous, but not so in his talks on gravity. Ina 
letter to Boyle*® he considers the cause of gravitation between two 
approaching bodies. 


They “make the ether between them begin to rarify.” And 
again,”? “So may the gravitating attraction of the earth be caused 
by the continual condensation of some other such like ethereal 
spirit,” . . . in such a way, . . . “as to cause it (this spirit) from 
above to descend with great celerity for a supply; in which descent 
it may bear down with it the bodies it pervades, with force propor- 
tional to the superficies of all their parts it acts upon.” 


(5) Wave hypothesis of light: The impression is widespread 
that Newton rejected the wave hypothesis when he advanced his 
emission hypothesis. Such is not the case. He showed that the 
phenomena of colors formed by thin plates might be explained as 
undulations. With great hesitation did he argue against the wave 
hypothesis. “’Tis true,” he says, “that from my Theory I argue 
the Corporeity of Light, but I do it without any absolute positive- 
ness, as the word perhaps intimates; and make it at most but a very 
plausible consequence of the Doctrine.” And again, “it has a much 
greater Affinity with his (the objector’s) own Hypothesis, than he 
seems to be aware of ; the Vibrations of the Aether being as useful 
and necessary in this, as in his.”** Little did Newton suspect that 
for a whole century his followers would dogmatically insist upon 
the emission hypothesis and would flatly reject all other explan- 
ations, and that even in the twentieth century his study of the 
possibilities of the wave hypothesis would be overlooked. 


20 “Horsley’s Newton,” Vol. 4, p. 385; S. P. Rigaud, op. cit., App.,* p. 
62-65. 


21S. P. Rigaud, op. cit., App. p. 69, 70. 
22 Philos. Trans. Abr., Vol. I. p. 146. Quoted in G. Peacock, “Miscellan- 
eous Works of the Late Thomas Young,” Vol. I, p. 145, 146. 
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THE METEOR RECENTLY SEEN BY CHENGTU PEOPLE* 


“Don’t be afraid, the event has no relation to man’s affairs.” 

On June 27, 1924, at a little after nine o’clock in the evening, 
just as I accompanied some friends out of my house, I suddenly 
saw a light in the south-east like a flash of lightning. Looking up 
I saw a star starting from the south-east at a height of forty-five 
degrees (half way up from the horizon to the zenith) fly straight 
over to the north-west to a height of sixty degrees (two-thirds of 
the distance between the horizon to the zenith) where it disap- 
peared. After an interval of about two minutes we heard a noise 
as if something had exploded. The head of this star. was very 
bright, but the tail had a reddish tinge. The whole phenomenon 
was a very beautiful sight. 1 am going to explain it to my friends. 
We are very glad that we were so lucky as to have seen so rare a 
phenomenon. 

Since the event I have heard the man on the street say that this 
kind of star is very unlucky and is an omen that Chengtu is to have 
some great calamity in the future. Others say that this star is the 
“life star” of some great man and indicates that some great national 
figure is dead. Still others ask, “Does not the fact that it came 
from the south-east indicate that President Sun Yat Sen had many 
noble qualities. The newspapers which print such news do not 
understand its mysteries and say they must ask the astronomers 
for an explanation. But really, why should we bother the astron- 
omers? We Middle School students, men with a little common 
sense, may all explain the cause of this occurrence. All good people 
of Chengtu, if you want to understand the origin of the sight, spend 
a minute and listen to my detailed explanation. 

This star is not really a star. In Science it is called a “meteor.” 
Because many meteors are made of metallic substances it is also 
called a meteor-stone or meteorite. From the beginning there have 
always been in space small chunks of matter varying in mass from 


. *A rough translation of an article in the daily paper of Chengtu, West 
China, written by N. Lee, B.Sc., a graduate in 1923 from the West China 
Union University. Sent to the Editor of this Journat by Professor A. E. 
Johns, of the University named. 
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a few ounces to several hundred pounds. Astronomers after in- 
vestigation say that these may have been shot out long ago by vol- 
canic eruption from the moon, the planets or the sun. Though 
these masses are small they are, however, subject to the sun’s gravi- 
tational attraction and continually revolve about the sun in the same 
way as do the eight planets. Suddenly one day they rush into the 
atmosphere of the earth and from the friction of the air generate 
so much heat that they become luminous. Just as they enter the 
air their outer shell is suddenly changed from very cold to very 
hot. Therefore the expansion of the outer and inner layers is 
unequal and it is easy for the meteor to break into fragments. As 
it breaks the sound may be like the crash of falling rocks or the 
deafening sound of thunder. From the time when we heard the 
explosion it is possible to calculate where the explosion took place, 
for scientists have determined the velocity of sound to be about a 
mile in five seconds. Since we heard the noise two minutes or more 
after the meteor had disappeared, we know that the explosion took 
place about twenty-five miles away. Remembering the direction 
of motion it would mean that the explosion happened somewhere 
between Tsung Lin and Kwanhsien. 

When a meteor falls to the surface of the earth it has the appear- 
ance of having been melted. The surface is pitted and spotted with 
rough markings something like a honeycomb, for the material of 
which it is composed is not uniform and the melting points of the 
different substances vary. Those easily melted may be vaporized 
and scattered, or simply turned to liquid while the less easily melted 
may fall to the earth as fine dust. Men who live on the tops of 
snow mountains where there is little or no dust, find very fine 
metallic dust which has been fused, which would seem to bear out 
this theory. Most meteors are dissipated before they reach the 
earth by passing through the atmosphere, so that it is hard to find 
many large ones. In the museums of all countries specimens are 
collected and preserved. Here in our “Office for the Spread of 
Knowledge” we should collect and preserve them. In the State 
of Kansas in the United States is a meteorite weighing more than 
six hundred pounds. 

When chemists analyze these meteorites they find them com- 
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posed of more than thirty elements, but the way in which they are 
combined is different from that found in terrestrial objects. In 
some there are stored quantities of gas. Fifty-seven years ago in 
London, England, a scientist was lecturing on meteors and the light 
they used that night was obtained from the gas secured from 
meteors. Is that not most interesting? 

Astronomers calculate that each year not less than one hundred 
meteors fall to the earth, and as the earth’s surface is more than 
half water, and of those which fall on land many do so in deserts or 
wildernesses where men seldom go, or fall at night when all are 
asleep, the number of meteors actually seen to fall each year is 
very few. Here we have seen a very near one. Were we not most 
fortunate ? 

Coming now to the facts and appearances of meteors we can 
only speak in general terms. Why can meteors give such great 
light? They travel so fast that the most difficult substance to melt. 
is melted. Perhaps I should explain these facts more in detail. 
When meteors enter the atmosphere their velocity is already terrific, 
and the attraction of the earth is so powerful that it adds every 
second to the velocity more than twenty feet a second. The veloc- 
ity of meteors is greater one hundred fold than that of rifle bullets. 
In a second a meteor can go twenty miles. For example one could 
travel the twenty-five thousand miles around the earth in a little 
over twenty minutes. Nothing on the earth can go so fast as that. 
When it passes through the air at such a rate the air retards it and 
produces the greatest heat. I think that all who read will under- 
stand that friction causes heat. Does not our ancient history tell 
us that primitive man got fire from boring in wood? In all machine 
shops oil is used to lessen friction so that the heat will not spoil 
the machinery. If you do not believe this take a piece of brass and 
rub it rapidly up and down on a stone or a piece of wood and in a 
short time you will be aware that it is burning your hand so that 
you will not want to rub any more. The heat generated in meteors 
is intense. The heat secured in electric furnaces cannot nearly equal 
it. First the meteor gets red then white, and sometimes so hot that 
there is nothing in it that is not vaporized and the whole meteor 
turns into gas and is dissipated. We have already stated that the 
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velocity of a meteor is one hundred times greater than that of an 
ordinary rifle bullet. The heat generated by friction will be ten 
thousand times as great, because the heat caused by friction, using 
a mathematical term, varies as the square of the velocity. Or to 
put it another way, if you double the velocity the heat produced 
by friction is not double but four times what it was before; if you 
treble the velocity the heat is increased nine fold; if the velocity 
is increased one hundred fold the heat is one hundred times one 
hundred, that is, ten thousand times that of a rifle bullet. Thus if 
the temperature of a rifle bullet is increased one degree by the 
friction of the air, that of the meteor will be increased ten thousand 
degrees. That a meteor when it falls is so very bright is therefore 


not at all strange. It is lucky that the earth has a layer of atmos- 


phere about it and that a meteor comes with such great velocity so 
that before it can strike the earth the greater part is already vapor- 
ized. Otherwise this earth might be a very dangerous place in 
which to live. 

Now all readers have perhaps a rough idea of a meteor and it 
will be evident that it has nothing whatever to do with mankind. 
If any man believes in superstition and talks foolishly, just ex- 
plain the matter and all will be well. We are justified in saying, 
moreover, that any suffering which the people have undergone in 
recent years is not some calamity sent from Heaven but is really 
some suffering caused by men. Happiness and calamity do not 
come of themselves but are the creations of men. If we want to 
avoid calamity and obtain happiness we should rise up and unitedly 
sweep away the obstacles that confront us. Heaven itself will be 
propitious. 
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REVIEW OF PUBLICATIONS 


Der verdnderliche Stern Zeta Geminorum von Dr. Friedrich 
Becker. 56 pages, 614 X81 inches; 3 plates. Berlin: Ferd. 
Diimmlers Verlagsbuchhandlung, 1924; price, paper, 3 gm. 

This work is a dissertation for a doctor's degree in the University 
of Miinster, the investigation having been made under the direc- 
tion of Prof. ]. Plassmann. 

This well-known variable star, now classed as a regular Cepheid 
variable, was discovered by Schmidt, who in the interval 1843-1879 
made 4,682 observations upon it. To this large store additions 
have been made by Heis, Argelander, Schénfeld, Plassmann, 
Pickering and other workers in this domain. In all some 8,083 
observations were available for discussion. This material is care- 
fully worked over and the work will prove very useful to investi- 
gators into variable stars. 

The author gives the limits of light variation as magnitude 
3.88 at maximum, 4.32 at minimum, amplitude 0.44. The period 
is 10.15380 days and the time from minimum to following maximum 
is 5.10 days. Mean radius of the star 18.6 solar radii. Ratio of 
photographic to visual amplitude, 2.3. The colour index varies 
between +0.61 at maximum to +0.97 at the minimum phase. 


Kleine Himmelskunde von Dr. Joseph Plassman, 136 pages, 
614X915 inches. Berlin: Ferd. Diimmlers Verlagsbuchhandlung, 
1924, price 6 gm. 

This is an attempt to describe briefly the most interesting 
things in astronomy. The subjects of the chapters are: The Earth 
as Springboard, The Moon, The Sun, The Sisters of the Earth, 
The Large Planets and the Comets, The Fixed Stars, The Structure 
of the Universe. 

The text is written in a simple and direct manner, the illustra- 
tions (73 in number) are excellent and the print is clear. The 
book is not intended as a text-book, but for the general intelligent 
citizen who wishes to learn about the universe, and the present 
writer thinks it will serve its purpose well. 
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NOTES AND QUERIES 


Coammu nications are Invited, Especially from Amateurs, The Editer 
will try to Secure Answers to Queries 


DEATH oF Dr. E. G. DEVILLE 

On September 21 occurred at Ottawa the death of Dr. E. G. 
Deville, at the age of 75 years. He was Surveyor General of 
Canada from 1885 until 1921, when he became Director General 
of Surveys. He was an able scientist and an efficient adminis- 
trator. We hope to publish in the next issue an appropriate 
biographical sketch. 


INFERIOR CONJUNCTION OF VENUS ON JULY 1, 1924 

In “The Planet Venus”, by Ellen M. Clerke, published in 
1893 (page 15), occurs the following: 

Most of us are familiar with the spectacle ... we... term “the old moon in 
the new moon's arms”... . The same phenomenon is occasionally, though very 
rarely, exhibited by Venus, while close to the sun at inferior conjunction, when 
the shadowy form of the full orb is seen to shine dimly within her crescent with 
what is termed ‘“‘the ashen light’. More wonderful still, this “glimmering 
sphere”’ is then crowned, as with a silver halo, by a thin luminous arch, forming 
a secondary sickle facing the one nearest the sun, and doubtless due to the 
refraction of his rays round the globe of the planet, through the upper regions 
of her twilit atmosphere. This spectacle was first observed by the Jesuit Riccioli, 
an opponent of the Copernican theory, on January 9th, 1643. He describes the 
planet as ruddy near the sun, yellowish in the middle, and of a greenish blue 
on the side remote from the sun, while he also noted the bow of light limiting 
the dark hemisphere. Scarcely daring to trust his own eyesight, he ascribed 
these appearances, although he recorded them, to illusory reflection in the 
telescope... . 

[This] secondary light of Venus admits of no such explanation [as that of 
our moon lit up by earth-light]. 

One astronomer “suggested that the ashen light of Venus might be due to 
general illuminations in celebrations by her inhabitants”’. 

Another advanced the phosphorescence of oceans in Venus as an explanation, 
while others have supposed atmospheric or electrical luminosity produced on 
a large scale, causing such display as that of the aurora borealis. 


The above was written in 1893, more than thirty years ago. 
In the meantime, Paulsen’s explanation of the aurora as caused 


397 


WA? 
| 
| 
| 
| 
| 


398 Notes and Queries 


by flying electrons from the sun, and a similar cause for the Gegen- 

schein of the Tropics, have brought us to understand what may 

be taking place on Venus on a grander scale, than on this eatth. 
A. F. H. 


Notes ON METEORS (By G. P. Morse, WINNIPEG) 

On July 10, 1923, while at Neelin, Man., about 9.30 p.m., with 
a sky overcast and threatening, a “‘shooting star’”’ in the north- 
eastern sky with an elevation of about 25° was observed describing 
a very flat trajectory, with the evolution of a faint haze, whitish, 
travelling southerly; and when approximately east, this haze was 
suddenly distended, the star petering out slightly in advance; 
the impression then left, was of a spindle-shaped cloud of smoke 
actually rotating. A rotational velocity of meteors, at right 
angles to the line of flight, is probably on the whole rare; the 
rotation, if such it was, may have resulted from a surface explosion 
and, by the evidence of the ‘‘smoke”’, was followed by continued 
combustion of the entire surface in small layers. (See definition 
of spindle.) The spindle haze persisted for about three seconds. 
This report is late enough for a government publication. 

At Winnipeg, September 14, 1924, about 10.00 p.m. (Port 
Arthur meridian time) a very brilliant meteor appearing from 
the vicinity of the head of “Capricornus”’ travelling north, appar- : 
ently also increasing in its right ascension, but in a parabolic path 
toward the earth, and vanished after some 30° of arc, in less than 
20° elevation, having flashed several times to an increase of bril- 
liancy, on the way. 

During the Sports Carnival here last fall a giant nimbus, but 
without rain, formed almost alone in the East-South-East, taking 
on the characteristics of a Compound Smoke-Ring; this was seen 
by thousands of people, was permanent for more than half an 
hour, with mild flashes of lightning occasionally above it, and the 
reflection of the western glow on it (about 7.30 p.m. Port Arthur 
time). No rain fell, at least in Winnipeg. To one familiar with 
the speculations about smoke-rings, it was very suggestive. 


P.S.—In expressing an appreciation of the talk delivered by 
Prof. C. D. Miller at Winnipeg, April 23, on ‘ Polarized Light”’, 
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I might call attention to the announcement in Canadian Engineer 
of March 25, 1924, of the work of Prof. T. R. Loudon of University 
of Toronto, viz.: that the passing of polarized light through trans- 
parent celluloid models of bridge trusses permits an analysis of 
the stresses and strains in the bridge members through a know- 
ledge of the significance of each colour resulting on load. For 
trusses which are “statically indeterminate’, this should be of 
great value. 
(Notes such as the above are invited—Editor). 


THE BRASHEAR COMPANY STILL CARRYING ON 

It is a satisfaction to learn that the business founded by the 
late J. A. Brashear, and after his death continued by his son-in-law 
J. B. McDowell, is being continued by the widow of the latter. 
The actual work is being done by skilful employees who have been 
with the firm for a long time, and Mrs. McDowell guarantees 
that the products of the shop will be of the first grade. 

A catalogue chiefly of small telescopes was lately issued, from 
which it may be interesting to quote some prices, as follows: 

Altazimuths: 3 inch, 3 oculars, $200; 31% inch, 3 oculars, $240; 
4 inch, 4 oculars, $340; 41% inch, 4 oculars, $420; 5 inch, 4 oculars, 
$600. 

Equatorials: 3 inch, 3 oculars, $280; 3% inch, 3 oculars, $340; 
4 inch, 4 oculars and finder, $490; 4% inch, 4 oculars and finder, 
$550; 5 inch, 4 oculars and finder, $750. 

Objectives: 2 inch, $25; 3 inch, $62.50; 4 inch, $125; 5 inch, 
$221.75; 6 inch, $375. 

Oculars, negative, in 144 inch tubing, $9. 


A MuNICcIPAL TELESCOPE IN NEW ZEALAND 

It is with pleasure we note the acquisition of a citizens’ ob- 
servatory by the city of Wellington, N.Z. The telescope is a nine- 
inch refractor. It was formerly mounted at Meanee on Hawkes 
Bay. Last year Dr. C. E. Adams, the Government Astronomer, 
learned that it was for sale, and a deputation, headed by Sir 
Frederick Chapman, president of the New Zealand Astronomical 
Society, waited on the city Council and urged that the city acquire 
the instrument. It was purchased on July 16, 1924, and a tem- 
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porary observatory was at once erected in time to use the telescope 
for observations of Mars at its recent close approach to the earth. 

The observatory was officially opened on August 26 by the 
Mayor, R. A. Wright, M.P., who in his address alluded to the 
importance of astronomy and incidentally to the part it had played 
in the removal of superstitions in past centuries in regard to the 
heavenly bodies. He also stated that the telescope would be used 
for educational purposes and also, he hoped, for astronomical 
research. 

Sir Frederick Chapman remarked that astronomy was now 
recognized as being one of the greatest, profoundest and most 
interesting studies, tending more perhaps than any other study 
to enlarge the human mind. It has a greater tendency than any 
other science to bring the human mind to the contemplation of 
great things. Investigations of heat and light, with the aid of 
the most complicated instruments, were advancing every year 
our knowledge of solar physics and kindred matters, and in doing 
so we were advancing our knowledge of things which were of every- 
day use and value. 

The citizens of Wellington are to be congratulated on their 
acquisition of this new educational advantage. 


RADIATION FROM MARS AND VENUS 

In 1921 Dr. W. W. Coblentz, of the U.S. Bureau of Standards, 
using a vacuum thermo-couple attached to the 37-inch reflector 
of the Lowell Observatory, in the management of which he was 
assisted by Dr. C. O. Lampland, made measurements of the radia- 
tion from various stars. Using transmission screens of various 
substances he was able to measure the radiation for different 
portions of the spectrum and thus to construct spectral energy 
curves. Then on comparing these curves with other curves ob- 
tained in the laboratory from ‘‘black bodies’’ of different tempera- 
tures, and knowing that each temperature has its characteristic 
energy curve, he was able to deduce the temperatures of the stars. 
He found a temperature 3,000° (absolute) for red, class M, stars; 
and 10,000° or even higher for blue, class B, stars. He also verified 
the conclusion from previous observations that red stars emit 
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three to four times as much total radiation as blue stars of the 
same visual magnitude. 

During the summer of 1924 measurements were made of the 
radiation from Mars and Venus. Planetary radiation is largely 
of great wave-lengths, 8 to 14 microns, and having obtained the 
spectral energy curves for different portions of the disc of the 
planets, some interesting conclusions were deduced. It was 
found that the equatorial zones of Mars are much warmer than 
the polar regions, which emit practically no radiation. Also the 
morning side of the planet is at a lower temperature than the 
afternoon side, which has been exposed to the sun’s rays for a 
longer time. The dark regions are at a higher temperature than 
the light ones, and there was recorded a gradual rise in temperature 
of the surface of the southern hemisphere as the summer advanced. 
Tests showed that the temperature of the radiating surface of 
Mars was not lower than 15° C. (59° F.). Under a noonday sun 
the temperature of Mars rises to 20° C. or even higher. 

In the case of Venus the illuminated crescent showed con- 
siderable radiation, but the unilluminated portion emitted a 
large amount of infra-red rays. The radiation per unit of area 
from the dark portion of the disc was about 10 per cent. of the 
total radiation from the brightly illuminated crescent. Also, the 
southern hemisphere of Venus is hotter than the northern. 

If the rotation period of Venus is long (for which the evidence 
is strong), it is necessary to assume that the surface of Venus is 
still highly heated and emits its own proper radiation. If the 
rotation period is short, then, owing to the relatively dense atmos- 
phere, the heat would be retained for some hours after sunset, 
as is the case on the earth, which is less highly heated owing to 
its distance from the sun. 

CAL. 


i 
} 


MEETINGS OF THE SOCIETY 


At Toronto 


May 20.—The regular meeting of the Society was held in the Physics Building 
of the University at 8 p.m., the Vice-President, Mr. A. F. Hunter, in the chair. 

Mr. F. S. Rivers, 171 College St., Toronto, was elected a member of the 
Society. 

The prediction of phenomena was given by Mr. Hunter. In speaking of the 
appearance of Venus at and near inferior conjunction, which occurs on July 1, 
he read an extract from the book ‘‘The planet Venus’’ which clearly described 
the appearance of the disc of the planet, which is sometimes seen to be illuminated 
with a faint ‘ashen light’’ and which is entirely surrounded by a thin luminous 
circle. Mr. Hunter also referred to the opposition of Mars on August 23. At 
this opposition Mars will be nearer to the Earth than it has been in the past 
century and will be in the present, and will consequently be extremely favourable 
for observation. 

A communication from the Observatory at Tortosa, Spain, was received in 
which were three photographs of the Transit of Mercury taken near the 
second internal contact. 

Mr. Miller reported that several groups of sunspots had recently appeared. 
He also reported observations of the Transit of Mercury and that the cusps of 
Venus now tend to show around the dark part of the disc. 

Mr. J. R. Collins observed the Transit of Mercury by projection, obtaining 
a sharp, clear image which, however, became unsteady as the sun neared the 
horizon. 

An interesting talk on the constellation Sagittarius was given by Mr. J. R. 
Collins, who, with the aid of lantern slides described its appearance, position, 
and some of the nebulae to be found in it. 

The paper of the evening was given by Mr. A. F. Hunter, whose subject was 
“The Astronomical Work of Major Samuel Holland, Surveyor-General.”’ Assisted 
by lantern slides Mr. Hunter gave an account of the life of Major Holland and 
the importance of his work as the first Surveyor-General. He also spoke of Major 
Holland's military career under General Wolfe. (See paper in August-September 
JOURNAL.) 


At VICTORIA 


March 20.—A regular meeting of the Society was held on this date, the 
President, Mr. J. Duff in the chair. 
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The following gentlemen were elected members of the Society: Dr. A. G. Price, 
Mr. S. L. Feesey. 

The President called upon Mr. H. H. Plaskett to address the meeting on: 
“Science and its Relation to Religion and Philosophy.”’ 

The purpose of science, it is believed by most people, is to ascertain the laws 
which Nature must of necessity obey. A new view of science has recently been 
developed however which regards the purpose of science simply as the description 
of theories of the things we observe. For such a theory to be satisfactory it 
must be logically consistent and serve adequately to describe certain ranges of 
phenomena. There is no necessity however that the phenomena of Nature 
obey the theory or law; it is simply a matter of experience that such theories 
do describe and summarize large bodies of observational facts. This view of 
science was illustrated by considering various theories of light and the law of 
gravitation. In the second part of the lecture a brief account was given of the 
purposes of, and some of the uncertainty that necessarily attaches itself to, 
philosophical thought. Since on the new view of science no metaphysical assump-" 
tions, such as physical realism, are necessary, science is thus rendered inde- 
pendent of all uncertainty. This is also advantageous for philosophy in that 
it is left free to develop its own thought independent of any theory of the nature 
of reality which the vast achievements of science might be supposed to support. 

In the third part of the lecture religion was defined as that which gives 
substance to our values, the things which we regard as being the best to strive 
for. There are two places then where science may come into contact with re- 
ligion, first on the question whether God exists and secondly on statements of 
fact contained in religious systems. Since the problem of the existence of God 
is strictly a question of reality, science is neutral. If one believes in God it is 
simply because it is the best thing for him to do, nor can his belief be shown to 
be incorrect by pointing to the achievements of results of science. With regard 
to the second point, the statements of fact contained in religious systems, 
science claims the last word. We cannot regard the flood, or the sun standing 
still for Joshua as being facts. Nor should religious people find any cause for 
complaint in this supremacy of science, since if God is regarded as immanent 
in the world scientific facts must at least be on par with, if not greatly superior 
to, revealed truth as reported by necessarily imperfect witnesses. (The paper is 
printed in full in the August-September JOURNAL.) 


May 22.—A regular meeting of the Society was held in the Physics Lecture 
Room of the Victoria High School. 

The following gentlemen were proposed for membership: Mr. R. M. Petrie, 
2412 Work Street (Phone 972 L); Mr. Harold W. Blackett, 1426 Stadacona 
Ave.; Rev. W. Ellison. 

The President, after answering the questions from the question box, called 
upon Professor P. H. Elliott, of Victoria College, to address the meeting on 
“The Spectrum.” 

The lecturer first gave a resume of the modern theory of matter and of radia- 
tion. The ether wave structure of a ray of white light was described by means 
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of a rope model. After demonstrating an actual case of refraction, Prof. Elliott 
projected a continuous spectrum on the screen and discussed the spacing of the 
various colours shown in terms of wave length. Various absorption spectra 
were then shown on the screen and also the bright line spectrum of Sodium and 
the application of Doppler’s principle to the determination of star velocities 
was described in relation to it. The lecturer then gave a very clear explanation 
of the origin of the Fraunhofer lines and of the information they afford concerning 
the chemical composition of the stars. 

The lecture was well calculated to afford the members a better conception 
and appreciation of the work carried on at the Saanich Observatory under the 
direction of Dr. Plaskett. 


July 8.—The open air meeting of the Society was held at Victoria College 
(Craig Darroch) on Tuesday, July 8, at 8 p.m. 

Three telescopes, 8 in., 6 in., and 2% in., were set up in the grounds, the 
first (a reflector) being made by the President. Inside the College Mr. Harper 
gave a 15 minute talk illustrated by slides, of the more important nebulae, and 
other objects in the sky. Optical apparatus was exhibited by Prof. Elliott, a 
micrometer measuring machine by Dr. Young, an explanation being given of 
the recent work done by Mr. Harper and the demonstrator on the relative 
intensities of the spectral lines in order to obtain the Spectroscopic Parallax. 
Mr. Denison exhibited an Orrery and explained the orbits of the planets with 
its aid. Mr. Chadwick showed a large number of interesting microscope slides 
and the Secretary exhibited a Foucault’s Pendulum. 

The Society was fortunate in having a clear evening with the result that 
Messrs. Duff and Christie, in charge of the telescopes, were kept busy almost 
to midnight, showing and explaining as many objects of interest in the heavens 
as time would allow. Altogether a most enjoyable and successful evening was 
spent. A gratifying feature of the evening was the large attendance of the 
public, evidencing a growing interest in Astronomy in this Section. 


F. MOORE, 


Secretary. 
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The Royal Astronomical Soctety of Canada 


(OFFICERS FOR 1924—REVISED TO MARCH IST, 1924) 


Honorary President—Hon. G. H. Fercuson, K.C., B.A., LL.D., Minister of 
Education for Ontario. 

President—R. M. Stewart, M.A., Ottawa. 

First Vice-President—Wwa. Bruce, J.P., Hamilton. 

Second Vice-President—A. F. Hunter, M.A., Toronto. 

General Secretary—F.T. STanrorp, Toronto. 

General Treasurer—H. W. Barxer, Toronto. 

Recorder—H. F. Batmer, B.A. ; 


A. R. Hassarp, B.C.L., Toronto; J. H. Horntnc, M.A., Toronto; Pror. sone 
Matueson, M.A., Kingston; Str Porg, K.C.M.G., Ottawa; JoHN 
Satrerty, M.A., D.Sc., Toronto; Dr. W. M. Wunper, Toronto; and Past 
Presidents: Joun A. Paterson, M.A., K.C.; Stk Freperic Stupart, F.R.S.C.; 
A. T. DeLury, M.A.; Louis B. Stewart D.T.S.; Atpert D. Watson, M.D.; 
ALLAN F, J. S. Prasxett, B.A., D.Sc., F.R.S.; J. R. W. E. W. 
Lee, M.A.; and the Presiding Officer of each Centre as follows: R. J. 
cD1armip, Ph.D., Ottawa; Rev. Fataer T. W. Morton, B.Sc., ae 
W. E. Harper, M.A., Victoria, B.C.; Justice E. E. Howarp, Montreal; H. R. 
Kincston, M.A., Ph.D., London, Ont., and the Officers as above 


OTTAWA CENTRE 


President—R. J. McD1armm, Ph.D. Vice-President—C. R. CouTize, C.E. 
Secretary—A. H. M.A. Treasurer—W.S. McCLenanan, B.A. 

Council—T. L. Tanton, Ph.D.; E. A. Hopcson, M.A.; Tuomas DonowER, 
and Past Presidents: R. M. Stewart, M.A.; F. A. McDiarmmp, M.A.,; J. J. 
McArtuvr, D.L.S., and R. E. DeLury, Ph.D. 


MONTREAL CENTRE 


Honorary President—Mor. C. P. M.A., Lic.Scs. 
President—Hon. Justice E. Epwin Howarp. 
1st Vice-President—Mnr. H. E. S. Aspury. 
2nd Vice-President—Pror. A. H. S. GiLtson. 
Secretary-Treasurer—Mr. A. W. STRONG. 
Recorder—Rev. W. T. B. M.A., B.D. 
Assistant Recorder—Mtss A. V. DouGLas, 
Council—Pror. A. S. Eve, D.Sc., C.B.E.; Mr. Geo. SAMPLE; Mr. JuLtian C, 
Smita; Mr. E. W. Pasg; Miss M. H. Etticorr. 


LONDON CENTRE 
President—H. R. Kincston, M.A., Ph.D. 
Vice-President—Miss GRACE BLACKBURN. 
Secretary-Treasurer—E. T. B.A., D.Paed. 
Council—Rev. R. J. Bowen, F.R.G.S.; Mrs. S. R. Moore; H. B. Hunter; 
J. C. MmppLeton; W. A. McKenzie. 


WINNIPEG CENTRE 


President—REv. T. W. Morton, B.Sc. 
Vice-President—Mrs. E. L. Taytor. 
Curator—Dr. L. A. H. WARREN. 
Secretary-Treasurer—Mr. H. B. ALLAN. 
Council—Dr. N. B. MACLEAN; Mrs. S. C. Norris; Mr. D. P. Morss, C.E.; 
Dr. N. R. Wirson; Mr. J. H. Kors; Mr. Cecm Rov. 


VICTORIA CENTRE 


Honorary President—Dr. J. S. F.R.S. 
President—Mr. J. DuFr. 
Vice-President—Mnr. F. C. GREEN. 
Treasurer—Mnr. J. P. HtBBEN. 
Secretary—Mr. F. Moore. 
Executive Committee—Messrs. P. H. Ettiotr; H. Cameron; R. G. MILLER; 


W. H. Caristrie. 
Auditor—Mkr, H. H. PLAsKEtt. 


Librartan—Pror. C. A. CHANT. | 

Curator—ROBERT S. DUNCAN. 
Council—Mor. C. P. Cooquette, M.A., Lic.Scs., Montreal; R. E. DeLury, 
cyt Ph.D., Ottawa; J. B. Fraser, M.D., Toronto; R. A. Gray, B.A., Toronto; 
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TELESCOPE FOR SALE 


Naval officer’s signal telescope by good London maker. 2 inch 
triple-lens objective, nickel-silver mounting, one draw, body 
covered with red morocco. Perfect condition: Bargain. 
Particulars, 
TELESCOPE, 
Care Librarian, R.A.S.C., 
198 COLLEGE STREET, 
TORONTO. 
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